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(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce a threshold 
current density required for optical oscillation by forming 
an active layer with a specific property on a second 
semiconductor layer that is formed via a first 
semiconductor layer on a substrate main surface, 
forming a third semiconductor layer with a different 
property on it, and making the direction of the film 
thickness of the active layer different from the axis of 
one-axis anisotropy. 

SOLUTION: A second semiconductor layer 13 is formed 
on the main surface of a substrate 11 directly or via a 
first semiconductor layer 12, and an active layer 14^ 
whose energy band gap is smaller than the second 
semiconductor layer 13 and is made of a semiconductor 
with one-axis anisotropy is formed on the second 
semiconductor layer 13. Further, a third semiconductor 
layer 15 with a larger energy band gap than that of the 
active layer 14 is formed on the active layer 14. Then, a 
pair of electrodes 1 7 and 1 8 for causing current to flow in 
the direction of a film thickness are provided on the 
second semiconductor layer 13, the active layer 14, and 
the third semiconductor layer 15, where at least the 
direction of the film thickness of the active layer 14 is 
different from the axis of the one-axis anisotropy. 
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[0 0 2 6] ±e#«IWtt8** : f fctf^T, fliHESttJi 
14 (4 2) CD a Ma>»^£0: a it, 1IWEJI52«)*W 
#JSS.t/af3 0Difta|fl:««©a WCOST-Sffc, a a , a 3 
irzJS, ax >a 2 . a x >a 3 «OS8#*^7t^-r <b 
Wtk-tS. ffrfe?Ste^l4 (4 2) COcfACOfeT- 

«» Cl £, HttEJ(r2O*aW*:Jiatf*3«>s|sSW*:Jlc0 
c fficot&^F-^^: c 2 , c 3 i:**, ci >c a , Ci>c 

3 <nm&=kffift1-z k£ttmki-5 a 30 
[0 0 2 7] ±E*8I(*:«**^I=*^T. ItiEXtEl 
1 cOfifJlE±lSf-±, (1-100) iBSfcW: (11-2 • " 
0} iBcov^i"tl.A»fc^L-C2|-7ftfl ({EL, 0° 
10") tftf*7Lft»Rt*6iit1»iitS. * 
fctt. I?IES«1 1. ffrCIR2 1 3&tf*3ro*i»fleJi 
1 5 St^SfrsESliS 1 4 f4 , (0 0 0 1}1, {1-1 
0 0} ffi,. Xtt, {1 1-20} fficovvf-ft^-eififls 

ffitt, {000 1} ffiiSJS-J-Sil^rffiSr^-J-S/hffiT? 
*-cD/hEfc£, {1-10 0} ffiXJi {1 1-20} ffiX 

r± {0001} mw^-rtitiAcmM-tmxmcMfoz 

*l, ^ {1-10 0} iBXfiSt {1 1-20} LBXttSE 
{000 1} ffitt*S3§roffi*<off§flffiT&5r 

[0 0 2 8] iiELTb^telgftfJf^tCifcVN-c, Ell 7 
teflfiWS <fc 5 f-. iftfEJg 2 <n¥m&m 4 2 roT^Xtt 

5 v— SSr- fflSi LTSfTlE?Stt^4 2. 89fEjB2&tfj& 50 
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3<o^a?*Ji4 7, 4 8cosgi?^rfi]{c^lg|g^fig*n 

-C-&5d<t£r4#iS£-f5 0 Sfc, fllilSStt® 4 2 ft, Ga 
N XttlnGaN <©£* 1 £ AlGalnN XftGaN XitlnGaN 
«0|g2OJi«?#-Sflfii4-fl-*-S#5-fi[fi:^FJl N GaN 
Jl, InGaN JfUlXfiAlGalnN *«<©V>-f - 
t*#»i-*-S. £<bK, BfrlESffi4 lroMIS^Sii, 
SiC StScO (l 1-20) BBS L < (2 (1-100) IS 
a», xtt, f-7r-<rssco (1-102) LSco^-fix 

[0 0 2 9] ±feL7t^Mli, (11-20) I^±i 
t^-5SiC S«4 1 ±K/S*£*l,fc:Jf5--8«SlOAIGaN 

«t**ftfc, GaN »EL< ttlnGaN »*^tf#a*^# 
F®, GaN JIXfilnGaN §i^)i5ffitll4 2 i^fg 
14Ji4 2±fc««*ilfc*-W*l!<OAIGalf 

-<©Kig®4 8 <t, mm-<nt&m®4 8±fcR# 

*«R*t* 4 3 £3?-<Z5S$tie<!: U 
<Dfe&m 4 7 Tl-^-C0KI+ia**-r5)IIJ?^lSJ«0^:* 
S^gi, m-SC/M-^ffiS 0 a, 5 0b 

[0 0 3 0] Sit, ±lEL7t^JHrt, El 8}C^-f-5 
J;5tc, (l l -2 0) ffiSriffii-f-as ettis^ffifc 
W-ftX-frSmtiLS 3 <k, mrlEStE5 3co±^cjg^$ti, 
-C ^ yuy & ft * » 1 <©S1±® 5 8 <b , 

ttfS 1 OKIS 5 6 <b , ^ 1 <©}Sti® 5 8 co±(C^fiK 
$ iafc^ 2 W*a^**«r*tf » 2 cDKI£® 60i, ^ 

wii<Dmfef§s 8 t%i\Rrjm2<Dmmm 5 6, 600 

JKi¥*-(fiIfcjEflES:flE-t-7t*<!0Sfii 6 4, 6 5 i 
SB*****! — f6-6i,-S6t, «TEB*3I6J|*»# 

f-jK/KS fhx i?A>v«Lm&i£&A* <btezm2 (om^m 5 

^WMfStrWi 1 co^ffJB 5 6t, s^M 2 coffitt® 5 
6 <7)_h(c7i5/£ 4 2 aPBS^Mttfrdtrff 2 co#^ 
«=S5 8t, ttSF2C9SttJes 8 4Kf 1 acMR2C9it i » 

«:®5 6, 5 8<r>mm^K^L^nM^:9\-m^'o m 

i-fzZXD'&me 4, 6 5i«:tt5g)£if6 7i:^t 

[0031] rco*fr, miVmfri'—Pe 6<Dmfzm 
l coStt® 56i mTIESJtsd^ 1 6 7 cOmllE^ 2 OTS&H 
5 6ft, GaN , InGaN , AlGaN XftAlGalnN 

i*»»i-rsw**2 3E*eo*i|*WfMM. *fc> 

mria^^fr u-f 6 6 (Dimmm i at** 2 cosss® 5 

6, 5 8 i*trEfi3t*^6 7CDjft!E?&l&T>-|S2<7?JN£ 
fr®5 6. 5 8f±, GaN , InGaN , AlGaNXttAlGalnN 

[0 0 3 2] H«IfES«5 3(4, flUt'/Ml', f" 
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(1-100} ixii (u-2 0) ffesr 

b&W&b-f&o ±ffiLfcSBJBtt:, i 1 9 CtetS J: 

[0033] ±efr^:y*;3Sfc^**w*tt*© 

a,. in m<Dmt®>*^t£z>iii-v mit^-m^m»xs> 

fc^4*W#tt**»&*««#<©*ifc:}'V*-— K9 8, 
9 9*fflK Wm&&<0&1£?'{X— K9 8, 9 9535 

*#fflfc«*Ljfc;£IJB*36*'y a-— K9 9 bicteZ*. 

[0 0 3 4] fcfc, ±«Ljfc*9!<©fMi4rK0H-«. * 

«wx*f4, m&<z>3=m&m&z. tic .tor, -?-<z)StE<© 

*ti^©!iiiMraiC*fLrSiIf/£< Jt5i 5f=b 

mutt? s^y sm<z>&&j§nz x mj3ima>&m&x.i-t3\& 

[0 0 3 5] rcoj;5/fc*iS(rj;tL«5. ^-£-«J^8?tt:JI 

[0 0 3 6] rcoJ;5}c N S^gJt^ffU'— !P<7?«S3t 

-if <t m -3S«»ca** 4r Kifr*- 5ri fe 

feKJBtfi tJcjfcS. 
[00 3 7] fc:fe\ S«i LTtt, GaN <OZ 5 Jfe^/uy 

testis, LiAiOaCoi 5*Ea*-s, t7r-fr, 6H- 

<73±®i:LX, (1-1 00) I« XII (11-20) 

ffizmm-rz, bzzx. aBty-r;*— k*«/£-*-6* 
/uy«:ffift**^3l«c»4(Oc«fc*ri4i*J, Jtw^ttl^ 
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"C\ 5 fc353fc^V ah— KSr^geB^f^ffiUHS 

< fcS. 

10 [0 0 3 8] 

(a? 1 nsfiflsai) mi (a) &a(h) ^ig^is-n 

*JBj8©«/«H-C&«. HI 1(a) Xt5(b) fc*-*-^#«f 
1 «r«3t» t U Z.<DW,-<D*m.fcm 1 cDS^tt 

[0039] r<z?.fc5fc. ji#tt*-^-f-tt (sp*>, c 

»-*-5„ BP*>. 121(b) (d^-Ti:?^ ^A-^-gjf- 
*±&£$>ojfcHH4: LHC^y K<©83iS;as#tf\ LH 
iHHiCH (crystalline field split hole)0>gv<>' 

fcabtcttHHfc<z>**+yr*^£-tt;h,tfJ:<, KM 
[0 0 4 o] r*tJc*t-U--C, tt*tt«fCKW^fcJ: 5 

(C, cttfCSEfcGalnN ®<*> (0 0 0 1) ffirtT-flESifS 

++y Txmtz.-f-&m-h 9 , nsttm*?ejSiS5ia< * 

•So 01(a) K&^T, JS-iO^ffS 1 3 

40 JS-<o*S»#:Ji 1 <©»*tt«r*-M*Jc«B[-C4v^ J: 5 fc 
[0 0 4 1 ] ;o«l:, l J: 9 ftS*J6 

JIH~J(r3<0*8f*Jil, 2, 3l=oV"-C®W», 
50 [0 0 4 2] ±ELfc»-©4 i *ffJl 1 4r»«-r«*«* 
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£L"C\ «*.tfAI x Gax-,-, In y N (ffiLU O^x^ 
U O^y^l) £rffl^5 0 {•^iJtt^iES^a 

»iU-C*fcAfflWJLo#ffl*fc(0-e&So IB- 
<^*»fcJl2**/a^5*t»i: LTA1 U Ga,-^ In. N 
(&U OiuSl, O^v^i) *»fflU IB 
= O^Sf#* 3 tL-CAl. Gax— * In, 

n «&u o^w^i, o^z^d ^r^ffl-t-So m~ 
<z> i £m#m2&amE.iD¥m#m3 tit, ini^GaN 

[0 0 4 3] m—<o¥mt*m<oaib<o»*jE 

* a x i , * - O 2 *3M»i 3 <& a 

ttGD&^PZES a 2 , a 3 <b 2 s . a x <a 2> a x < a 3 

*»fWB3<0cfc<©*^j£#c a , C3 iiS, cx <c 

2 x Cl <c 3 c0B8«*«*."t-±5^-r5 o 
[0 0 4 4] r<oJ:5ft*^K«:^BBffJci-si. jb- 

[0 0 4 5] CintC^fL-C. IB— ^^WflcJBlcOatt^ 
" 3^>aWll6-?^ftaa-, a 3 a i > a 2 „ a i > 

a a <0BMR«:atfc-t-J:5te-*-« 0 *vo, JB-e&aN*tWB 
^S#«3(Octto»?ja!:c ai c 3 i^, cx> 

c 2 . Cx >c 3 <vm&*ffi?t-r£ o ^-tz>o 

[0 0 4 6] roi5 4»fE*<oB8«tt5i:, Jff- 

Sffi*«4rfi»t5r ids-C#5iit>^^, 3 1 Kit* 

X\ fMWfetfJ; 9 J£-cD^a?{«i2 
StfjEHO^*** 3 COzc^U^— K^r> v 
$g—<D*m#m l co^^yu^— s> r<fc 9 

[0 0 4 7] ^flcu- !F«r«ja-r*a«<Z>«j« 
ttfii L-C, GaN , A IN „ ^l/Si, SiC <0l/^"ft 
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LT* -**»*tttt**afiOGaN , AIN , « 

^it Sic <D\,*i*ixib*fo(hte&mfc&m^itWfe. 

[0 0 4 8] ^**u-iP«r«j«t-S*«±f-»«Jk:K 
<0»fiS«4:Jflv\ H^tti*^?* K»4r*«±teB[ 

[0 0 4 9] *mt*^-iFt:mf&i-&*m#&#L<o£M 

{1-10 0} SSfctf: {1 1-20} ffi<Z>^-f;ft, 
(SL, 0° ^0^10° ) fctf^;* 

^ "-1 -*v^± --2* 4*-c*e-*-So 

SM*:«:ffl^;fc»8\ ^<Z>5£S£ {1-10 0} SXtt 
{l 1-20} mz-f-£~ tfcJ:o-c, s«±*com- 

^^^^ 1 ^1^^0X.t£«^tt^t)^l,^^ 

^r*#s 0 -<^#-^> bi i(c) \C7F-t£ 5 }^ ^ 0 ^^CD 
*^*r»W-f-«*:»^7#S 0 (fiU 0° ^9^10 

[0 0 5 0] ^Wffl^— ^O^^SrWja-fSW 

wi^r, {oooi}®. {i-ioo) a, au 5 . 

{i 1-20} ffi^^i*tu>Wc-r£ 0 S^^ffii IT 
30 {1-10 0} ffiSrJB^fcW-frKW:, {0 0 0 1} 35. 

{1 1-20} ffi^^^i" n^^ 5 SW^±S^^tL~CSE 
*»Mffit<(:5i *7t, Sfi^iBi-Lt {11-2 
0} iB*fflv^fc*&Jcf4, (0 0 0 1 } {1-10 

o} m<D\,^M^m^^^MLxmm.^mmmt 
[0051] s&ic. ^wff^-^srWja-j-a^w** 

ffi^^S^r {0 0 0 1 } -^^S«co^ 
Etc {0 0 0 1 } ffi£Jl^co/hffi«:K^, r^/h®±t^ 
40 ttfcJB— S>4*SM»1 1 iLf: 0 

/hffitt, ^^SSco {0 0 0 1 } ffitc^LT4B£hr3 

itZfcZXD {0 0 0 1} BfiJt^O/hffi*. Sffico— flStc 

S (Terraced Substrate) ffl^W^ ^«f<^— 

[0 0 5 2] /J^® ^r, {1-100} ScVMi { 1 1 
-2 0} iO^fn^irStt^EiL, r<Z>Stt&ffi£ 

50 /Mfitcsar/j: {1-10 0} ffiXtt (I 1-20} ®* 



15 

[0 0 5 3] Ilfl 

Si\ 0 2(a) }ofti:5tC (1-100) 

ii-^nS!CaN (1-10 0) Sffi 1 1 ±{C, TMGa 

( h !J >^#y 4:1 0-1 OO^niol fiij 

;UJ, 4 5^mol/^, TMA 1 ( K y > ^7/1/ * ^ 
£A) £: 1 0 — 1 0 0 Mmol /£\ #IxJt 4 5 Mmol 

/ft, ry^r (nh 3 )£o. 02 — 0. 2moi /ft, 

0. lmol/5>. S i 2 Ha ^0. 0 0 0 1- 
0. 0 0 2/imol /ft, 0. 0 0 0 7 m mol / 

Osccra, 9tA.ti s 1 OOOsccinSL, 7 0 — 

7 6 OTorr. 1 0 OTorri U 8 5 

0-110 0t, flttf, 9 5 Oti Ufcttffi-C. 10 
0 — SOOOnra, £?SfCte 2 0 0 0 nraGO nSAlo. iGa Q . © 

[0 0 5 4] 3l#jgc^-C\ TMGa 4: 1 0—1 0 0 /i mol 

flf£«. 4 5 Mmol /ft, ry^e-r^o. 0 2 
— 0. 2 mol /£\ Witt. 0. lmol /ft, Si 3 He * 
0.0001—0. 002^ mol /ft, WiMU 0. 0 
0 0 7 Mmol /£\ SO«, *+!ir^tLX©*S4r 
3 0 0 — 3 0 0 Osccnu ffilifif* 1 0 0 0sccm4:?flcb s 
f$L&&f}*7 0 — 7 6 OTorr, 1 0 OTorri 

U «ftfiS*8 0 0-1 0 5 0t, fltfi, 9 3 0°C 
t L7t:t£fBT\ 5 0 — 5 0 Onnu 0 0 nm 

GOnSGaN KJB 1 3 -fc*r* 0 

[0 0 5 5] gi^jgcl^T, TMGa 4: 2 . 5 — 2 5 m mol 
/£\ 1 0 Mmol TMIn ( h V * *f-frj 

fi?&J*) * 2 5 — 2 5 O mh»1 /ft, 100 
/*n»l/$K ry^^T^rO. 0 2 — 0. 2mol /5>> 
^Jxff. 0. lmol/2\ RXf, Witt<© 
3 00 — 3000 seem, ffj*. tf , 1 0 0 0 sccra£r 
ScU /SfiJEEA*7 O — 7 6 OTorr. flLfctf. 100 T 
orriU J«S?flJK* 5 5 0 — 8 O 0°C, 6 5 

OtiL^tti-C, i?£l- 2 0nnu frSfCtt 3 nmtfOGa 
o. sir*. »N SttJB 1 4 £/£:g£-££ 0 

[0 0 5 6] 5l##fcVvT\ TMGa^r 1 0 — 1 0 0 Mmol 
/ft, -Mitt, 4 5 Mmol T>-^e^r4r0. 0 2 

-0. 2mol /£\ 0. lmol/5>, tr^v^ 

D^y^v?x-;l/v^t/rJrA^O. 0 1—0. Smido 

i /$h o. o 5Mmoi /ft, at/, **yr 

<t LT«^7k^^ 300 — 3000 seem, 1 
0 0 Osccm£riftU &3:lEf}Z:7 0 — 7 6 OTorr. 
tf, 1 OOTorriL, jSKftiaK* 8 0 0 — 1 0 5 0 °C, 
9 3 0tiLfcttfi-C, W5 0^5 0 0nB, 
jfSJCttl OOnmOpSGaN }fc#V KJB 1 5 

So 

[0 0 5 7] Sl^ig^T, TMCa^Tl 0 — 1 0 0 Mmol 
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/ft, ffltH 4 5 m mol TMAl£r 10 — 100 

Mmol Wilt 4 5/zmol 

0. 0 2 — 0. 2 no l/55\ 0 lmol /ft, f 

V^n^>^ vzi^yU^^i^A^O. 0 1—0. 
5 Mmol /ft, 0. 0 5 Mmol /ft, Atfi. * 

+ V Ttf* k LX&TkmZ 300 — 3000 seem. 91*. 
fcf. 10 0 OsccmficL. 7 0 — 7 6 0Torr\ 

Witf. 10 0 Torr <b U /SSfflg*: 8 5 0— 1 1 0 
0 ^JxH 9 5 0tiLfeft!BT\ 10 0 — 20 

10 0 0 nm. #a*Cfi 5 0 0 nmO p S?Alo. *G a c . » N ^ 7 2/ 
K/B 1 6 «rricft£-&5 0 

[0 0 5 8] fc*5, r CO^-^OAlo. i Ga 0 . »N^7yK 
JB 12, 1 6C0^8*jgJKttO. 6 — 5. 5/imA> 
SMf-f±2. 6/im/^&^ GaN ittfJ 

13, lSCO^KSiSSfiO. 5 — 5. AS 
Wf-tt2. * £^ Ga 0 . 9 Ino. iN S 

tfc« 1 4<©/8*3$JKW:0. 1-1. jftlft 
fCttO. 6 Mm/B*"CS>5o 

[0 0 5 9] R^^"C, n^GaN (l - 1 0 0) Sffil 1 

plAlo.iGa 0 .o N KJBl 6±tC^p«Hafii 

tU"CNi/Au*«l 8 4rl9:frt, aa»c*^»«ufc<z> 

(0 0 0 1) B-e»B!L-c*««4:»*br^*# 
i^— f-^s^S-^So ^^S-^> (oooi) EttS«co 
±E"C&5 (l-ioo) ffifc*turS[a:"Cfc5<so-e, 

[0 0 6 0] oWtcibV^-Ctt, S-EirbT (l 

-100) ®4r^^Tt/^OT% r^±fc^f5n§! 
Alo. xGa 0 . gN KJB 1 2 7^ p SAlo. iG a Q . 9 N ^ 

30 7IXKI16 CO^S® fc (1-100) ffi <k ft 9 , Ga 
o.a Ino.xNSttJll 4llnSGaN ^t^-T KJBl 3 b<Dfe 

=F"S3k<omKi: 9 , ( l - l 0 0 ) ffirt^*5-o^-CEE.«JS 
[0 0 6 1 ] »-<io«»Jtc*5frt5ffirtOH^-MW 

tt. nSAlo. iGao. 9 N ^7i^Kil2<7)a c ?*C0 

f&^£&3. 18 9Aar55. 1 8 5A-Cft£Sn5fe 
attXtfettOft^SRiSS. 2 2 5AM5. 2 
4 3 A-C&5Gao.»Ino. iN ^i±Jl 1 4 ^ttJBE»iC*i5«n 
t>*) , 3«l»^tti:*5o Gao.slno. xN , GaN , 

40 Alo. xGao.sN (©Ji^yU^— K^r> V t 

tl^tlZ. 15eV, 3. 4eV. 5^3. 7eVC&S 0 

[0062] rco«?iGaN ^^WfffcffirtflElBrt;*^ 
aa*ftfc»fr, H2(b) ic^A^-ttfc: 

V^-Ctt, SSi: LT (1-10 0) ffi^r^ffii + S Ga 
N (1-10 0) Sfil l^^T^S^, (11-2 
50 0) ffi£±ffiki-Z GaN Sffi^rffl^t A < , Mlc, 
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(i-ioo) m, sKv^fi (i 1-20) t-r 

£A1N g«i£^fiSiC £«4rffl^Tfcft< . r^) 
±EtCOl/>Tfi (1-10 0) Bft^W: (1 1-20) 

[0 0 6 3] ftjb\ f-'fiOffittJl , ^7yKi 

^M^n^SS^Lt, GaN SWMCAIN , SiC -^c75ffil 

©SfiSrffl^tfcJ:^, Mxfi. B2(a) f^Lfc*^ 
*£fc*5tf SGaN S«£rAlN SSi:I#ftit, *-<o±fc 
1212(a) <b(SIl3*it*:atj-il«a< . £7^. SiC g«£ 10 
ffl^SS^Kfi. nSiSiC £K_tfCif £ 5-1 OOnm, 
Mxfi. 2 OnmCOnSAIN ✓ 77l^btWi:{: 
0 2(a) trat«iS4r»r*ixtfAv\ 

[0 0 6 4] ftib\ 0 3 tC^i" £ 5 A IN S£ 11a 
^Stt3dSiffW^i:S^iXS»-&^tt, AlGaN $ =7 y KJ§ 1 
7 a*Sa*Lfc«fc**flW-a. A IN 

&tmT<z>IOfc»fl8-ett* H2(c) ^-J-i5tc, »tt 

[0 0 6 5] I2M 

*"f > m 4 (a) fc^-T £ 5 (1-10 0) S£±S 
£-J-5n£lGaN (1-100) S«2 1±iC, TMGaSr 
2. 5 — 2 5 /imol Mx.fi, 10/imol/^ T 

MA12:3 0 — 3 0 0 /imol Mx.fi, 15 0/imol 

/£\ TMIn£ 2 5 0-2 5 0 0 /imol Mxfi. 
lOOO^mol 7^-7^0.02-0. 2raol 30 

fflitf,- 0 lnol Si 3 H.*0; 0 0 0 1 

— 0. 0 0 2 /imol Mx.fi, 0." 0 0-0 7 /iinol 
/5h 210 s , ^t!i7^it-COlf^3 0 0-3 0 
0 Osccm. Mxifi. 10 0 OsccratftL, ^SEE^I * 7 0 

— 7 6 0Torr, Wifi, lOOTorr^L, fiS^flug^rS 
5 0-9 0 0°C, ^i^fi, 7 0 0tilfcttl8t% 10 

0 — 5 0 0 0 run, ^FigfCfi 2 0 0 0 nra<0 nSiAlo. *Ga 0 . 3 
Ino. 3N^7S/K12 2 £rJ5Stg£-£3o 

[0 0 6 6] §l#jBc^X\ TMGa£r 5 — 5 0 /imol / 
£\ Mxifi. 2 0 /i mol /£\ TMAl£ 1 0 — 1 0 0 n 40 
mo l/ft, Mxifi. 5 0/imol TMIn£ 15 0 — 

1 5 0 0 /imol MxJi. 6 6 0 /imol T > 
*r — T&0. 0 2 — 0. 2raol/5}\ M;tfi, 0. Imol 

/ft. Si 2 H 6 *0. 0001—0. 0 0 2/i mol/ 
ft, Mxifi, 0 . 0 0 0 7 /i mol ^rt!J7 
L-CCOS^^r 3 0 0-30 O Osccm, Will 1 
0 0 0 sccm£rtfcL. fiScSEE;^ 7 0 — 7 6 OTorr, *lx 
fi, 1 OOTorrit, ^ISIr 5 5 0 — 9 0 Ot, M 
Xlfi, 7 0 0tiUfc«8S^ if* 5 0 — 5 0 Own. # 
igi-fil 0 OnmOnSAlo. iaGao.a a rno.3N3K^ KJB 2 50 
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[0 0 6 7] 3l££c^T. TMGa£2. 5 — 2 5 /imol 
/fts '9\*-V£. 1 0 /x mmol TMIn^2 5 — 2 5 

0 a mol /ft, M;Ui. 1 0 0 /x mol 7>^-7 
£0. 02 — 0. 2 mol /ft, Mx.fi, 0 Imol 

^r-V y 7^ t LtOOli^ 300 — 3000 sc 
cm, Mx.fi* 1 0 0 0sccm£i5ft L. ^cSJE^7^r7 0 — 7 
6 OTorr, M;tfi, 1 0 0Torr£ L, ^^raS^: 5 5 0 
-9 0 0°C. M;tfi, 7 0 Ott Lfc:tfcffi"C, if£l — 
2 0 nm, flFSfCfi 3 nmCDGao. «Ino. iN Stfe/i 2 4 2r/&g 

[0 0 6 8] Slt^T, TMGa£ 5 — 5 0 /imol / 
2 0 /x mol /ft, TMAl^r 1 0 — 1 0 0 /i 
mol M;Lli, 5 0 n mol TMIn^: 15 0 — 

1 5 0 0 /i mol Mxifi, 6 6 0 /x mol T V 
^~T£:0. 0 2 — 0. 2mol/#, Mxifi, 0. Imol 

h^^^n^^^^-/U^i/^i/r>A^0. 0 
1—0. 5/iboI Mtf, 0. 0 5/intol 

^ty7^d:LTOli^3 0 0-3 0 0 0sc 
cm. fl^B, 1 OOOsccin^ffiL, ^c^EE^J^r 7 0 — 7 

6 OTorr, Wx.H 1 0 OTorr £ U 5 5 0 
-9 0 0t, M;Ui, 7 0 0tiLfctt!Bt?, if * 5 0 
— 5 0 Onm. #riilf£fi 1 0 Onin^ p^Alo. isGao. aaln 

[0 0 6 9] 3l*jRv>"C> TMGa^r2. 5 — 2 5 /i mol 
/ft, \ 0i3.*o\/ft, TMAl^r3 0 — 3 0 0 

H mol /ft, Mx.fi, 1 50/xmol TMIn^r 2 5 . 

0 — 2 5 0 0 Mmol /ft, lOOO^mol/ 

r^^e— r^ro. o 2 — 0. 2moi /5*. M^fi. 

0. laol /ft, \Z**S#U^s9*j^—As^r4r**S*7 
A^rO. 0 1—0. 5 ^mol Mxfi. 0. 0 5 1> 

mol /ft, \&t>\ ^t!/r^i LTOS3|?*3 0 0- 
o U U U seem. Mx.fi. 10 0 OsccoriffiL, f&£:EE;Jj : £ 

7 0 — 7 6 OTorr, M^Lfi. 1 0 OTorri L. f&&lBM 
&5 5 0 — 9 0 0°C, MXLfi. 7 0 0°C<t L7tt^fi§T*. 
100 — 2000 nm. #gtCfi 5 0 0 nmCO p SAlo. *Ga 
o. alno. sN^ 7 ^ KS2 6*rfiKft**5o 

[0 0 7 0] ^^b\ rO^^^OAlo. *Gao. 3 Ino. 3N 
5/KI2 2, 2 6 cO^ScSSSfi 0.2 — 3. 0 m m/ 
^. ASWtCttl. 2 jira /Srefe9. Alo. 13 Ga 

0. salno, . 2N Jt^/^T KH 2 3 , 2 5<30^8ftiS«ttO. 3 
-5. Otxm/&F, USttlCttl. 

* & Ga 0 . s Inc. xNf&t&I 1 4 (7>dcfiiSJKfi 0 . 1 — 

1. 5 um/tir* AStttCttO. 6 ^m/^t?S>So 
[0 0 7 1 ] 0c:i/>-C x $Si? (1-100) S^nSGa 

N S«2 10«ffifCn«««i:L-CTi/AuflEffi2 7 
ft, — p SAlo. *G a o. 3 Ino. #y y KJB 2 6 ±fC 
«p«*«i LTNi/Au^1i2 8 4rK*t, iSSfc^^ 
KUTtO^, (0 0 0 1) ffi-C»ML-C*«»«:?Bj«L 
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SlgirLT (1-100) ffiSrffl^T^S^T*. ^OJt 
nS?Alo. *Ga 0 . 3 In 0 . 3N ^ 7 * K12 2M 
pffiAlo.-Gao.3Ino.3N KJi2 6<Z5j«fiEt> (1 

- 1 0 0) Bi49, Gao.s Ino. iNSfflB 2 4 ttSISBfS 

[0 0 7 2] SH^, JRZl(Z>«jc*5ft6Brt<Ofll^WHt 
fi, rLffiAlo.-Gao.3Ino.3N KJ12 2<Z)a*toRV 

c(»<0tt^*#* 3. 2 6 6AM5. 2 7 6At»«S 
JWfcft, a«LRt/c«lO*^S»iS3. 2 2 5A& 
VS. 2 4 3 A-C*fc^Ga 0 . 9 In 0 . t N ffiffii 2 4(Cfi5l5fi 10 
tf^J&sftli^. 3 Wapiti:* So fc*>\ Ga 0 . 9 Ino. iN 

,> Alo. isGa 0 . eslno. =sNx &V* Alo. *G a o. slno. 3N <D 
s<^F*?-y *Jx-€\ft,3. 1 5eV x 

3. 4eV&V3. 6cV-C&So 

[0073] r©i5fc, GaN 3R#M*#fcffirt3i3BS2r 
a5fWra£jfc,fc»a\ EI 4(b) *::*H\fc5l-. ^/i^- 

iltftfttTiMBU HHi«±ffilCft5i*lC, LHi 

HHi^x^-l?rJ;^t < i -5 r i ^T*# £<Z> 
X\ BM«SiSlE?BJK** 6tciS»-^sr ias-e#5 0 20 

fAteJESgJS A fc J: & El 2 (b) (Dffim.*m&s< v K«» J: 
[0074] z.<ntsr.<o&l\zi3\,^xi>* a in Sffi 

*fll^5»&fCttU 0 4(a) fC*Lfc3H^-*5tfC*?ft5 30 
GaN S**A1N »Efcl«#**., Wil:B4(a) £H 

c«a*»«-nttA<. sic s«*jfl^a»*fc: 

«U nffiSiC £«±fdff$5— 1 0 Onm. 20 
mnC^AlN ^<^^r®^r^U-C^-C0±f-El4 (a) ifslC« 

[0 0 7 5] IB 3 AH 

KWi-sas, «a*«=«t«i«i:±<rat-e*«co-c, 

TSStS*U- SSiUT. (0 0 0 1) B 40 
£r±B<fc-f-£GaN StttoSSSfiBK (11-21) ffi^fe 
ft£ (1 1-21) /hffi3 2*»ttfcnS!GaN (000 
1 ) £&3 1 Srffl^fcfetB-C&So ^CDnffiGaN (0 
0 0 1) Sffi3 10>±fc\ *— IS* 5 fcnffi 
Alo. t G a o. qN^ 7 2X KJB 1 2 , n ffiCaN K/g 1 

3 , Ga 0 . olno. iN Stt/g 14, p ffiGaN KJS 1 

5 , &V, pffiAU. 1 Ga 0 . 9N^7!fK«16 *NR»CdeS 

[0 0 7 6] Zfcl/^T\ Ti/AuS-ffil 7. XV. SiOalS«0 
«6M^JBS3 3{cKttfcW!n£^LTNi/Au*ffil 8 50 
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TiS3k:*^#«Lfc0>*>, (1-100) Sr-PHi- 
5: itci: 0 , -#<z> (1-100) 4££=*g 
S<t-fSTSffi#^u-iF^^5c-f 60 £<0»g\ S 
«<^±BBf± (0 0 0 1 ) ffi-CcttKSiEfcEtffcsas, 
«»*c*jfctt. ip*,. -sPIBfKtttttSOW: (l 1 - 
2 1 ) m\CWft?£mX'h '0 . Z.(T> (11-21) ffirtfc 

&\,^x&mfc?i&mvt$ftznmx 3 &tt£'o, U2W 

iS^j^PfeS^is (1 1-21) /hffi3 2t'fe5^ 
[0 0 7 7 ] >Wb\ r <D&&<D^m\± (11-21) /h 

ffi3 2\cm<hti£h<nxfj:i<\ :^I3^H:^ 

^"Cfc* *KttGaN . LiAlOatcK&ftS . Al 

n gg^fisic *fflv>rt)S<s S«o#»*SB*.sr k 

[0 0 7 8] i4M 
±E<0»1 — »3<©«Kfc'^-a±Sffii: LT2tc^ 
SKSrfflv^TBlWU-CV^iS, Alo. iGa o. ft N*v^iAl 

o. 4 Gao. 3 ino.3N *<z>»ax«*jB^-c&jiv\, *<so» 

^ -€-co±^?gjSc$tt5Alo.iGao.«N^5iX KJIX 
ttAlo. *G a o. 3 Ino. 3N ^ 5 s> KJB k <nfeT&&&7t±\£ 

ntiZ<DX\ A8*«^«Stt**Sft3r <kisftu\ 

[0 0 7 9] ^(OflfeO^ff^— f-^«J«fCfflV>5a« 
El 6 (a) ^C^-Ti: 5 ^ iE^-S^Wt-SLiAl 

5o ft^B. LiAlOatt. U ^^ATyV^^— h km^tl 
5o .-tr-CZfefC, LiA10 2 S«3 5*fflU>T#afff^— ^ 

[0 0 8 0] LiAlOaSS 3 5 <£>£® ^ {100} fiX 

fi {100} ffi^&Sf^coftJS. ^Jx.^±5Sco«Sfflrt 

yu % xf/U7/un-/^i 5 ft^2St^J^fflV>TLiAl 
0 2 &R3 5 60^®^i5fc?*i-5o «"«4feJR«*S*« 
(^FH*) <O«**Frt<©f"fe7 p #±*-LiA10 a S«3 
S^r^a-f-So -r-^^^x LiA10 3 S«3 5<DfflM<D%fW 
«4:a*-e*»bft^6, *0#H*C^flE*4rl 0 OTo 

[0081] «ai-«j«*auei9 1> somm 

V^fflJK-CLiA10 a S«3 S^rSD^L, «t 9 LiAlOaX 

S3 5«ffi<^7C***S*^"Cf— y — 

fT5o LiA10aS«3 5*«*.«8 0 0 — 1 0 

Ga^, T^^e^T^, Si 2 H« ^*»At5. TM 
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[0 0 8 2] TMGa# *<D«E*ra:. 10-100//mol 
/min C75teSf^fC32^^-^ 0 T 
Stt2 X 1 0 4 -2 X 1 0 3 /inioi /min C0$£ffl^£-f 
5 0 £<b(-, Mfff;tf;*te, 0. 3 — 3. OMmol/min 
CO&fflft$Cs&fc-tZo TMGa^ r ^CD«ES^4 
5 ^mol /min „ T y^nT # ;*G0#rci££r 1 x 1 0 s /i 
raol /rain , S^^^C0«cg^r 1 . 0 /zraol /min fCl£ 
jtlt, £6^, J«*JflJ»*9 3 0tfC»^-f-5i: % Li 
A10*g«_tCOGaN <©dt«i**tt 2 . 4 * m/h <b 10 

«tH«, GaN OfigfijgJSfi, 0. 5 — 5. 

[0 0 8 3] Sttftm-io-CLiAlOaSKS 5(7? 

±f-. Jgi?2S#j;tJ:f 5 — i 0 OnmCOn^COGaN ^^77 

■ 3 6 So m^x. ariwirais**^!! 

fflAlo. iGao. *N ^ 7 * KJB 1 2 , GaN KJB 1 3 , 

Ga 0 . »Ino. iN 14, p SGaN KI15, p 

pf^K-Xyh^Lt, -^^v^A (Mg) *JB^ 20 

So 

[0 0 8 4] tth<Dm<nffii&ikfc. JfW, 
tt, »lflHil3i:ict5o ZfcfC LiAlOaStES 5*j«* 
JtF^&»5fflLft:afc, nfiAl©.iGa©..N ^ 7 * K/B 1 
2CO— SfR^rSm^iirr. ^GO nUAlo. iGao. *N ^ 7 * K 
JB 1 2<0— ttfcnftiaffii: L ■TTi/Au'Effi 3 7 trl»0L 
U £6fC, pfflAlo. iGao.»N KJBl 6±fCttp 

filtffii LTTi/Aumffil 82r7g/&-#-& 0 ^Lt, LiAl 
O^Sffi 3 5 t ^r(D±<DM 3 6, 12 — 16 At^SfBSrS. * 

( C GaN 3 LiAlOa) / a L1A103 = 

fc*fL, cc^» f±GaN (D ci&jjfa&m^fflSSM, a 
tiAioattLiA-lOa^ a tt^TpJ^JSl^MIBII-C&So-- 

[0 0 8 9] GaN ✓ < y 7 r JB^O a *U?f6jfC*5^ $K 

( 2 X a c LtAxoa) / C liaio? 

^^*L, a<^ ttGaN <^att#IaJ<DJS[^BBeEK. c 
i-xAioattLiAlOa^ c ta^rBXOJR-fraiEK^fcSo 

[0 0 9 0] ^C0£ 5i-LiA102S®3 5 irGaN JB 3 6 i 

<o*&^Fg^;dS/h£^<k, {100} ffiao^te-t^ffirt* 

6 0 — Sjff^-^Lfcffi^V^jl^SrLiAlOaSKS 5 C0^ 
BnirftU ^(^±ScO±(CGaN S3 6£7#j£i-££, Ga 40 
N MS 6 <t£& 0 r 

<0*g\ GaN Jl 3 6 0cdtt, LiA10aX«3 5 <D3eM& 
6 0 — 5JK«»-J-«r tie*?) , GaN JB 3 6 T*f* c Mic 

CaN Ji3 6tc:i^5fi*f±3(lfc»*tt«r*-J-r ifc* 

ftSHHi LH0 2ficofliiid5iB^-C. m*£#^—f<D 

[0091] -5-coi:3/j: (1-100) iml 

fc¥ttiBtf>GaN JS4:Xj»fiaW^lH]»fc03ilJS»*r*^o 50 



[0 0 8 5] El 7 »C*H-<fc 5 lE^cOLi 

A10 2 g«3 SCO {10 0} ffi±f£7'05'fi<Z>GaN Srfigfi-J- 
LiA10 a <Z)atti:GaN ^cttfispfTfc^!?, LiAlO* 
OcWiGaN COaWttspfffC/jtSo w<£»K^ LiA10 2 g 
S3 SO {10 0} E±tM*, GaN (1-100) ffi 
^r±t-LT^cS-rS w £t£#5<Z>-C\ A1 Q . iGa 0t9 N ^7 
3/ Kit 1 2 <^T*EttGaNJi 3 6 CO (1-100) Si 

[0 0 8 6] LWot, Jgl#J£(5}J: 3 Alo. iGa 
o. 9N ^ 7 KJB 1 2 , GaN 3t#V KJB 1 3 . Ga Q . sin 
o. iN gttJl 14, p SGaN itff-f KJB 1 5 , p SA1 0 . 1 

Gao.sN^ 7 5/ KJB 1 6co/&:gE& (1-100) ffiifc 
9 , Gao. »Ino. iN SttJl 1 4 fin^GaN KJB 1 3 

i<o»^*^is^j:9, (1-100) Erttcfc-^-c 

[0 0 8 7] ^fc, I2l7^-t-i5^. lE^cOLiAlO^ 
COaW^fil^JB^WIEBtLx tt5. 1 6 8 7 A. iE^S 
<^LiA10 2 <Z5 c ^^lOM^rflEgi L a 6 . 2 6 7 9 A 
COIE^T'fc 9 , *7t. ^elCOGaN CO a tt^^JR^F 
F^EEBtLa f4 3. 18 9At'&^ /s^^^GaN CO c 16 

^■rSi^JB^BflElKL* tts. 18 5A-Cfe5 0 L7t^ 0 

GaN ^^sx^rSiLiAlOaSffi^lBS^S-T-^Fft^ttSc^ 

[0 0 8 8] GaN ^i/77l3 6 CO c Wi^[pI^*JV 
GaN y< y 7TM 3 6 irLiAlO^S^S 5 COf&^S^Ji. 

(1) coi 5tc/J>$^ 0 

= 3. 2 X 1 0 -3 •••(!) 

•^r. GaN ^^7rJB iLiAlOaStR^ft-T-^FK-g-H. RiC 

(2) 60 i: 5f^h*v\ 

= 1 . 8 x l 0" 3 - (2) 
6h,So «±^»W"Ctt. LiA10 2 S«i:tc:GaN J««:J|gjS 

tsrt [co^r^ lt^^j^ (a 6 (b) \cfjxi~£ 

LiAlOzS^S 5 COiifdAU Ga^x-r In y N J| ^rESfCTf^g 

{10 0} ffiXi* {100} B^60XfiO-5St7 
Lfcffi4rLiA10aSS3 5(©^ffii:*L, ^E-cD±©co±{c 
M2^J^fiI«fC, nSAlo.^Gao. 3 Ino.3N^7iy KIl 
2, nSAlo.iaGao.oaIno.3N36^>r KJB 1 3 , Ga 0 . » In 
o. xNffittS 14, p S!Alo. i 3 Ca 0 . S3 Ino. aN^t^-T KJB 1 
1 5 , n^Alo. *Gao. sine. aN^ 7 y KJB 1 6 SrHRfCJgjgR 

co^co^c^^, fflWttiftt, ±ISL7t^2^Ji:[iJC 

[0 0 9 2] t!o"C, Alx Gat-x-y In y N (0 ^ x ^ 
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Is O^y^l) ^aW^ffiK^JR^BBlEBLax^a: (1 
1) T'^^n. LiA10aOc«l*rnl<OB(^PPp1E«La a tta: 
(12) f/T^n, AU Ga x - x - y In y N O a ffS^-ft t Li 
AlOaCOctt^fSj^fTT-fe^o Alx Gax-,- y In y 

N cOctt^ffil^JS^BBIiElSlLdCOX (1 3) -C^£*U 



24 



*GaN <OaW^rrg!OjK-^PJ!E«tLc a ttSC (14) X'tfZ 
Jx, Alx Gai-x- y In y NO c li^r&l i LiA10 2 CO a IfcfeTpJ 

[0 0 9 3] 



Lai = x a aim a — x a c^k — y a + y a m_v * * (1 1 ) 

L a^ = c liaio2 * * • (12) 

L c i = x c aik + c c<*n — x c — y c con 4- y c inN " • (13) 



L Ca — a liaio2 
-t*L&CD5e-C«\ a A iN ttAIN ^aW^rift^JIR^-BBIE 
Si, a con JiGaN O a $4^"fpJO^-FRBSEB6 N a xntt ^In 
N CO a W^riPKOJK^WERt, c ttAioa fiLiAlQaO c 

<z>«*-We«. co-. flGaN «5c«i*ra^JK^MIEBI, 

c ttlnN <7? c *&#ffl<Z)iKTfi(lffiHL a «. 1A K««:LiAl 
[0 0 9 4] Alx Gax-x-r In r N COffi^lt x , y 

scov^. te^F&^2 x i o~ a %t*5*f*<7>a; 

aGaN - 3 A IN 



y > 



3lnN - aGaN 
= 0.214 X - 



SB 
X + 



(1 4) 

10 (15) - (18) r^£x, yjffiSfCffi^fc 

S(15) - (1 8) Oft#«:i8fc+-x f y 

x t yom^Kit^ii^-r^ ttt*tt^a< -o»»»fcif 

5) tt. x^ 1 -CHy*SAi:>!£S<Z>-C % 0 9 tC*5<^-CS 
[0 0 9 5] 
0.98 CLiAlO*/ 2 * 3GaN 



0.328 



y < 



aGaN 



3ain 



airts ■ 

r 0.214 



aGaN 

X 4- 0.021 



3lnN - SGaN 



(15) 



1 .02 C\JA\Q? / 2 



3GaN 



atrtN - aGaN 



(16) 



y > 



CGaN - Cain 
X +- 

ClnN - CGaN 

r 0.353 X - 0.209 



0.98 aUAlO - CGaN 



y > 



CGaN 



Cain 



CmN - CGaN 



ClnN 
07) 



CGaN 



Z 0.353 X - 0.150 

[0 0 9 6] (*:<Di&(nffl) f£(75*l-^3CO^]^^o^ 
Tf±, &«tf>±S<t It (1-10 0) sE^tt. 

(i i-2i) i^v^t^ bm*m^^x^z>&^ 

«E*#P#Jf-5fcab{C % (1-100) ffi, Sfc^fit, (1 40 
1-2 1) ffiSr^fce (0° ^9^10° ) O0«6fflrt 

[0 0 9 7] S&fC, ±K<B«k::|b^-Ctt. 

TSStt:*Alx Gai-x-y In y N (OSx^U OSyS 

#oT. *^>f KWfttW?* K*G>»4tt:*Al. Ga 
x-„- b In b N (O^a^l.O^b^l) C0jSHrt"C^ 

[0 0 9 8] ±f£Ofi3j|c^J^i:f^^ KJB&ffl^T^ 50 



1 .02 aLiAJO* - CGaN 

h ' 

ClnN " CGaN 

(18) 

i&Sttfc< , S>MC»Sit<Z>»fc£Al. Gax-o-t, In* N 

nttJ^mzftiLX^^Tik. BP*>, TEGa (h^x 
^yu^/y^A) % TEA1 (hllxf;U7;U^?^) , 

at5. t e in (hyxf^yy*^) ^fflv>rt>a 
<* s&k:, (n) Hiurfcrv'^T^fttoo 

N 2 H*. ( CH 3 ) 3 CNH 3 . C 2 HsN 3 . *VM±* CH 3 NH 
■ NHa ^ffl^tfcS^o 

[0 0 9 9] 5p«4fcjH»fc, nffiffliLTttSi 

3 H* OOft^^fC SiH4*^M4CH 3 SiH 3 ^^TfcS 
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r/^v"^A C(CsH a ) a Mg ) (Z)ft*?9(C, (CH 3 C a Hj a M 
g, (CsHsCsIUjaMg , (i-CaHrC^aMg, ( n -C 

(« 2 HlftStt) H l 0 tt*MB«il^B***ai# ^ 
— !P<DS*«it*:*-^»aH-e*S 0 Bl 1 
Stt«fiO«A^ffi**^-H-C*>9, Bl OWRSiifc* 

[0100] *«Wcom— C0«j5ft-ett^ B 1 0 Sr#RR L 

B 1 0&O<B 1 1 fc^-f-J; 3fC ?£t£Jl4 2^=E® 

r*K BP*><o 0 0 1 >;5-f*j£r, SttJl4 2ffirtK&5 z 
[oioi] r<z>±5fc:St^4 2 0Brtfcictt*^tr 

tti: < fdWRSiXJti/^s, M;t«* <1 l-20>^ 
«:SttJB4 2CDBf*!*C&Sx$fit;:. ^O<l-100> 
;frffi*rSte« 2 OJKff^rfilkl&S y tAt-f s ~ t dst?# 

S c 

[0102] ^^^^tc^^r^s^iB^® 

V^^froV>T3i0^-^^o Bl 2fiGaN GOrc^/U^*:/ 

So Bl 2tC^i-i5SC. GaN ©ffi^F-afVBWU S^F- 
C0SSd-<^ KyUk = 0Oj£flS-C, HH, CH&t/LHCD 

[0 10 3] rrt\ GaN *t*l£&&m^W&+ 

So Jfrfc, rtltb^HH, LH, CH/<ymSSC0c 
SiE<C*fftfc»ffi4:*-j-5 2oc0p«iifiBa»p 3 c RZfp 

[0 10 4] 
HH^K; (p» +p y ) //"2 
LH/^K; (p. -p y ) /f2 
CH/^K; p« 

**a»*ff3fe^-5o i^HH-'<^KttpttiKott-&* 
c«tti9tC*t#"CS>5o :Oftft, GaN CO 
S«R«[ffi^#3«*fi. ctetcSEtcSSasfiSH-Sfi 
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fc\ ±»OBiWttGaN [COt>tL^\ 
i^o^^-cfelSIJ:5"CS>5o WffiiMEffi^aWMS 

[0 10 5] «36<oSE*tR»«r=fiT-*-SDB«*^W#u 
— f-'-Cti, B 2 6 fci^-r i 3 SttJB I0 2liclli 
0 AKmmz.l&fS&ti&foh. SSSjttt: c tt l 0 4 tcffi 

S 0 

[0 10 6] ^USS^ffiT*^. Bl 

20 ^£^0 c *4*caa:/£*(firtc— aw^* s 0 

[0 10 7] «o"C. *«J«<Offi«*4 £ 8WtU'— SP-C 

teJlffirtfcifcSi&SWs&So 

[0 10 8] ft^, SttSOOP L( 7 ah h/U^^yfeV 
30 ^) ^g^ffi^t^coffi^tffi^fil^o^-CSi^^-So Bl 

v-6^S cWSrBrttcfi-fSGaN *JKd»&>i5Stt/B^ 
PL**MJffco«-j(Cii4rab-Cv^5o Bl 3=fco^7> 

fcfsJi 5^iBffl"C# So 

[0109] Bl 3 fc*-*- i 5 IC^ ?£&m<7> P L^^t^r 
P L3t<Ofi*ffiiS c «|{cDi:3t-t-a»-& (B*<£>90 
£#5o r<^»*aftjK^*fJC"t-SKfttt»3 6 6nm-Cfc 

5. r<©*fftt. Bl2fc^i5^, fi^ffifCB^?) 
fSffflrVB^HH^y K^<DM^-cfcSS§^c*tJj;L 
-C^So ftfcfr. PL*o«3l6iB^c|lilc¥fT4»^( B 

(0«*<0«tfittH53 6 0nmi®< ttSo PL^g 
50 ffiJcSHki-Sr i-C. PL»\ HH/<yK^i8 
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[0 1 10] HP*). x***rtl^«"#-*pttad>&*5 

So *Hlfi^^iT*f^. H**<«I 2<V7* h^S* 

[0111] *«6te»*»fltts 
K^a»^fls5**^**<. b^fc HH 

[0112] ftfcfStt«rtteaidsj!>5»*jcou^KW 

"^So 01 4(a) —(e) H\ GaN ©x*;U^yK©S 

IT, < 0 0 0 1 >^^\<T>^ e x . < 1 1 - 2 0 
(S]0^2r f ,« x &tf< 1-10 0 >j3$L<Dm& e y i 

[0 113] Bl 4(a) tt, ^ =0iU e . 

<^*t^tfc*i-c&& 0 sp*>, ^sco< i i-2o>^c 

L7tS*-C&So IMi5tc % Hi 4(b) i*. f , (CO. 

So £fc x 014(c) % (d) tt-tJvpft £ , tCO. 5% 
Ml. 0%OJBE«£*f+/inU $6fc£, £/lO;lfc» 

[01 14] 0 1 4 (a) —(c) 2r#H8 LX\ S £ * ^EE 
«ST* £ x AS 1 . 0 %«±©ffi»<&» e >tt. p ttXa* fe fe 
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[0115] — ^ 0 1 4 (d) Lt, S £ x AS 1 

%«±<OJBEffiaS£r*rU A^O £ x ASgiSfiffiCOa^tt, X 

z /7 x^oMJ^asffjfe L-C c Wile ft«*ffi-C3B 

ffi4rf£SW5#fc:tt:. Y^fta5*«S£ft£fc*. YA* 

[0116] 0 i 4 ( e ) £ y *«*<0S^\Ra8t L 

7ttJ, £x =e x <kLjt»£\ m^^^ti\^< 0 0 0 
1 > <k < 1 1-20 >£^£?®rtt£®rt 

fc»^ffi*^#^^^^<^ K^«-»tt-es>5o ffi 

20 <^Jlff^ASY^5^^^8i*-r^*rfii<»-8 h tt, ch 
[0117] ±i!ScoJ:5fc, Stt»ica4:Hri-«»-fr 
fc3FtT/j:iB*ffi*:*-*-5»^iiS*-f S. UA»U ^"f 

0 1 0}C^-r^^^U>r. Stt® 4 2 £ LTte, GaN 
, InGaN »L<fiAIGalnN Sr^tP^ftS^F/B (M 
30 QW) , Xtt, GaN , InGaN fi=L<fiAIGalnN 

[0 1 1 8]*fcvBl-0^L3tSfi-4 1 tit, 
(1 1-20) m&^ffit-tzsic Sffi^fflV^ti 
V\ (1-10 0) S^^S£i"SSiC X 

tt, (1-102) S^±ffi£-f-Si?-^r^rS>K*ffl 

—m9m<o9s—<omm m 4 7 , ?s^4 2. ^-^ss 

®eMS 4 7 , f£&M 4 2 , Wh-comwm 4 8 *r?t*SS 

7, 4 8fi0«^«-»4:AIGaN <bU $6^, JStt/B 4 2 
^AIGaN XtiGaN XttlnGaN Xtt^ -t<©J:5 4 

[0 119] fttc, **16««»«rHffifi:»^^rS&fc 
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[0120] (1-100) ffiZ^Mk-thSiC 

V-wWSS) j£*ffl^"C\ T> K— ^GaN 

SfttfHl 6tc*c0*£*«:;^- o 01 5 tt*H163l51IB^ 
St£Jl4 2tf>PLl83fc*'<^ h/UT'fe^. Ull 5*<D A 

V*jfc«:*LT^-5o Hi 6tt*«W<Z)&1*Jl<?5PL* 

[0121] ii5MLt, c 

3:7* h^U^^yirV'-Xje^SfiJSAtt, 3 6 6mD^ 

«*«E*sanS*«ifttf8i*<0***W:, HI 3\C^-r 

[0122] h i 6 tr^-r i 5 p L^g^tco tr 

-^a«tt, IB3l£iB^c(«:iI*i#ft*i:45, <g 

ffJM»D£a<-Srt-S 0 rcorirte, Hl3<09f-)M& 
*#3M*«rJ;< i«rfl»fcL-C^5 0 Hi 7 

tt, ******* 6^ A(Wtbfc*^oKffiH"C& 

[0 12 3] S«4 1, (1 1-2 0) 

?a-ejS«-*"5flC* 5 OnmCOGaN ^y^rJlS 2. 
0. 5 /im^nSGaN # hl49, iS£ 1 /z mCO 

Si K— 7n fBAlo. iGao. *N Rttfi 4 7 , fit$ 0 . 1 ^ m 
<7)7yK-7GaNSttl4 2, ffS 1 m<^M g K~ ~T 
pS!Alo. iGao.sN BtS 4 8, >&<J<p SGaN = ^ K 
€ 5 1 *TA»&IH^*i-S 0 
[0 12 4] jR^T* /?S 3 OnmiDSiOaJR 3 Onm 

s<#—~^^L,X¥ : ffi&tk*mjLnJ7]&<DDB R^4 3 
£?g/S;^-£o r©DBR*4 3tt, nS^ 1 ^^ hil4 
9 iSS4 1 <tC0^®4rK#tS<k Lt&S3 6 6nmG0S 

[0 12 5] ft^"C. DBR»4 3C-#J«)fi*{:ib 

^^•/i^S^tt^^^^^^^^ (rie) ffiici!^ 
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1 0 OnmOTii 9 45Sffi5 0 a 2rJB/£ U 
Jsjgs 1 <D±\cmfW- 1 0 Onm£Wi<fc 
<£5 0 b 4rJB^5o £ S4E4 1 coRffi*W« U 

[0126] i 5 fcffilBft^aSf* ^— i^-Ctt. 
4 lCOc^SE^^S^^Sl^i^S^*^^ 

#FJB*i6£ Lfcfc<^"C&5o (1 1-2 0) S£r3E® 
ir-f 5SiCg«4 1 MOVPEjS^ffl^t, 
-CfiRfi-f SJSS 0. 5nm<75AIN ^^i/^r^4 2, /?S 
0. 5 a m^n^GaN = ^ ^ hi49, 1 M m<£> 

Si K— ^nSJAlo. iGao. 9 N RSS 4 7, Ino. 15 Ga 0 . 

#f/i t in 0 . osCao. 9S n ^yrii 1 0 m<$ 

ofi*Lfc#M:*#F«**&fc*J5ttJB4-2, l 

20 m<£>Mg K — 7* p SAlo. iGao. KSS 4 8 % MpS 
GaN 3^^M5 1*rr<0«ff-?««t5. *L"C, 

[0 12 7] ±JfiUfcffi«3t**flcu— ^-Ctt. (1-. 
10 0) SXtt (1 1-20) ffi^r±®<b-t-5Sffi^rffl 

i±-r*«Lfc*ia*«ffl-*-5r i^prsg-efcs 0 his 

(a) tt, S^^^^^-f (*3e*^) i7t 
30 K (S^fe3R^) **«Ufc**lt<r*-t-WBH, H . 

18(b) tt. -€-o*8B**-#-spBH"C*5o 
* [0 1 2 81 Hl-8(a) 2S.t^(b) »C*5V^-C,-SiC-S«5 

3<Z?±ffit?S>5 (1-10 0) BXtt (1 1-20) S 
<D±\CY±* Ig/?5 0nm^AlN Krfi^^ ^ Ji 5 4 , 
m&CO * y—m 5 5, IRffil ^ mCDn§JO®^/l 5 6, 

^ K-ycOMQW^tii 58, p S<OKIg/I 5 9 , WkW- 
5 0 OnmCOT^ K— 7 p O±«3tBH Cii^® 6 0. JRff 5 
OnmCOGaN =i h®60a ^MOVPEfilCiot 

40 (R^ajisn-c^^o 

[0129] ^ 7— Jl 5 5 fi, HSi? 4 0 nmCDAlo. *Ga 0 . s 
Xmtm&4 0 nmOAlo. xGao. «N ^^r^S^3 0J1S8S 
jlbr«^$n7tt>C0-Cfc^o MQWSffii5 8 

tt^ flgi?4nmCOIno- 2 Gao.8N ^rilgi? 4 nmOIno. o S 

X^flB^jtBH £&£>ffi 5 7, 6 0 ft-^Jx^GaN «t 9 

[0 13 0] nS>S:t>*pS^>f«I£ii5 6, 5 9 

50 OWHJB 5 6 tt, ^iS^^I^JS 2 X 1 0 1S atoras/cra 3 -CSi 
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dSK— piro«i5 9W:, ^FttttSS 
1 X 1 O 17 atoms/cm 3 XlAg& K~ iXT^5 0 P ?S<Z> 
RESS<50i(7)3y^^ h@60 aklttl X 1 0 l8 atoms/ 
cm 3 T*MgiS K— T^tLT^-So 

[0 13 1] n 56^^p mcommm 59^ 

"C^^lftOStiv S C H (separateconf inement heteros 
tructure)«zt**/SLT^So r O J: 5 tCfltS Lfcfb 

(a), (b) te*^i3*»a«ffiat/3Fffi*ffl<z>jg<fc»cfti 
itaf^-e 7f±iaii:««**L"C*5 9, ^v^hjgeo 

a^f)nS©BSl5 6CO±SB^T-^a^2 0 Mm COR 
2 <bft9> $&t-nScO«SJl5 6(Z>r«^& 5 

^6 3i^otV^5 0 5 7~ JB 5 SttT:/ K— ^T*& 
9, iSffi^<tftoT^&<D-C\ Rft»6 2i77^S|S 

6 3 \±mv>m&(oik&V9*mitm**b#mt£<aM6 1 £ 

[0 13 2] 2(73^ x^^h® 60a 

7c: , :7 5Vi?ffi6 3<an®«BOT5 6fc:W\ R&ffl5 6 2 
KSafeL^NiJ; 9 ft£ nfSie 5#»«SnT^ 

[0133] y± Y?<<jr— K67f4, 0 1 8 (b) 

i^agffcU— f 6 6i:7i- hy«f*— K6 7 «r*rf-«je3S 
X, U-f 6 6 -Ctt p«*« 6 4 t n«f 

-me 5 {ziEy<-fT scorns, e 8dSBi*oSJxX'/h*< Tfc 

ttp«Sffi6 4 £ n filSS 6 5Kffi'<-Yr,*<0SEaSHi 
/W£*U ZtliZX V -7* h?^*- K6 7^A*t#S 

[0 13 4] r.cO^, B**#aW*U— !P6 6**3BJK 
ttS6 4 a *aLT#asj8MtSix. B^Lft^SSrlS 

XA*iiLT4 0<Z>g3e*-?-6 7fCA*i"S. *©ffi« 
3t^»^f6 6t1i, RKRWLfciSfc. S«4 

i o c tt^sa^r masm^ffiHi^rA t fcs**** l> 

lefts, L*>fc. #««^*^-CKItU*:W- 

[0135] rwiS^ ni:««±Jc»jaE*ftfcK* 
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^{jfcO£ft^ft^^ 

10 [0136] ft:fe\ SttJf 5 8 GaN , InGaN , AlGa 
N XttAlGalnN W^tU^^/S LT t» £ ^ U Sfc* 
*ai* i 9 ft 5 7, 5 9 tt. GaN . InGaN , Al 

GaNXttAlGalnN ^bMLtt fcjEU SttJS 

5 8 <kl^I£/l5 7, 5 9asi«ttmSSJ: 
fcltt* W9SJB 5 7, 5 9 X V fc&tfc« 5 8 CD^^A- 

[0 13 7] ftfe\ *«<©W»iL-C«^'>y 3^ (Si 

c) offe^f-7r^r*fltfflL-cfc<tv\ 
[0 13 8] ^?t, Lfc«**4rWfflUTfi:* 

A ft 5 a ffl<s^T- 1 & b mfeit* l r jl s r t \z 

[0 13 9] (BJIfi^^L-CRfflJlfiSr^^rfi! 

iffi^r^osft^^f^^^di^^Sfctcft^coT. IS 
^tc^-f ft 9, *If»*cfflffl-c*^^i.^5ra«fe 

[0140] 019 n&nM&m<Dmmttmfjz<D$L*Am 

(a) at5(b> fc#j*H-5J:5fc. K70fc 

50 [0 14 1] J: 3 ^GaN CQ£y ft^/UytSS^^ 
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^sra&ffi^fcw-g-, &A>yttmte&#*m&fz* GaAs 

fiai#^6flBaT-#^HH (Heavy Hole) fcS^fiLH 
(Light Hole) -.OggtfCio-CgrS^, ^Ifl&tta 

0001 >*«i»cati*#ifii^iB*Lfcjftds»< an, 

[0 14 2] fc*5, *35Wfc**^-C, cH*fSl*Sje^4jc 
©ftffl** t iS«»KK«t5 1 OMK, ±5° cojS 

[0 14 3] SSSffii It, -9-7t<<T<d {0 0 0 
1 } ffi. (11-20} I, 6H-S iCCO (000 
1} ffi. rt^tt, ^fcf^/u© {ill} ffi£r/fH^fc» 

^Sii^Sco-c, Hi (a) ^^i: $ ^teSKWri- 
2" ^irU-C^-fo 

[0 14 4] *%»6ilRtt« */u^ttfi^t-&4fc^ 

Tlffi^r®, HP*?* {1-10 2} ffi, Xtt, 6H- 

S i CC0 {1-10 0} i«L< { 1 1 - 2 0} ffi* 30 

fatt c tt*fS| 4 ^J^fTtCT^^-c, . H 1 (b) fc^H" J: 

[0145] *3t. itufc^^ica 

- <bfCj:o-C, 1. 9eV— 6. 2eV 

[0 14 6] S&fcu *S*iMtK:*^ 

K7 0* 
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Bffl**^*— Kttefesj: 3fcEBU fiifle*** 
[0147] *<^Sfcta*TpIiS c tt^TPl ^ msmE+z V 

9, r<©att*ffil^(H*Ufcl63t^-r^— K7 0 4:*c0 
Jttffl^rfil IT 9 0° BIES*fc*&U:tt, c $4^r 

[0148] ftjb\ EI 1 9 tdjo^T, 69a, 69b 
Iff H» 

B2 0(a),(b) StfH2 1(aUb) 4r#HB L 
*HJ£^Si^^l^J*Sft^-t-So 02 0(a) tt*3t 
#4*— K<0»fffiEI"C$>9, HI 2 0(b) htlg^V^t— 
K**^fc;L*»&<^WfaffHt?**o H2i(a) 

[0149] *-f\ 0 2 0 (a) ^"^J: 5 ^ (000 

*c mov pes («-«^««firiAA£) *m^x. m 

$5-50nm, 2 OnmCDGaN ✓ :7rJB7 2, 

*0. 5 — 5. ^^f, 3. 0/zm(Z)nSAl 

cos Gao.«NJi7 3, 1 0 — 1 0 Onm, 5 0 

nmc^lno. iGao. «N SttJB 7 4 „ If* 0 . 1 — 1 . 

0/im, ^Jx^O. 5 v m<D p SAlo. oaGao. 93 N S75 

^Mi ^ tr * * -> ^ /uricfi * s o 

[0 15 0] nSAlo-.oaCao;-9aN JB7 3^>— <5 

i/^V^L7t^^. p SSAlo. o 3 Gao. 9S N ®7 5 CO^StC 
vMW>mt L-Cffi«ffi7 6*aartt5i:«!:fc^, nSAl 
o.o 3 Gao. 9S N @7 3<a«a*ffiiCnMSffi£ LTTiSfii 
7 7*Wt5 0 rcO©^ GaN^5/7r®7 2^ 

&pSAlo.o a Gao.»sN JB7 5*-C<©#Jltt, f77-l'7 
IK7 10cH*WCJ«fit5<Otf, tOc«ttt7r 
YTSSl 7C0^ffi<bSt£^^So ^cWJffilft<0 
0 0 1 >*TSl<h^'ffi-C&So 

[0 15 1] ±E<Dj:5lcUt*)Sl!Lfc**^t» K 
7 8^ 0 2 0 (b) 5 -?-co^:<70^ai^^I 

<httc, nffl?Sfii-Cfc5TiSffi7 7 £r^^$£^8 1 
^t7^i-zKV7^^^^U, p'fiilSfii-CfeSNi'SSi 
7 6*/7^«f8 2tC!7^irxK>'7 =r ^ V^L, S:^ 
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[0 1 5 2] 0 2 1 (a) ft GaN 3R^b*4fc^3|*or^ 

Sffil/^OK, SP^ % HH (Heavy Hole) £LH (Ligh 
t Hole) a5.2£fC«ifiU Steffi 

GaN 5R^-&*4 fe 8|:flcjr»*r/£CHi^^5>'<>' Ktf^ftSo 

[0153] ^-Lt, r^i: 3^GaN JHfr&#l^3Jflek: 
tJI/^-Cf*. rjS, BP^Kz = 0Ki3tt5<£aS#4:HH'< 

*rfi3eUfc3t^»e>^Sr t^*5 0 02 1 (b) ft * 

[0 15 4] LfcaSoT, *«W^*5V>Ttt, 

ft5GQt\ 4jg=i^ htc-f-sr ii5-C#«« 

ft*>\ r^lW^^Tft Sffiitt, (0 0 0 
1) B«r±Bi:-J-5f-7r>rTafeK«:fflv^^^ 
(00 0 1) BS:±iSi:t5t7r^7Sfii:|»&h5 
fcO-Cttft<. (1 1-20) ffi*±ffi£-f-£1^;rf 
TSffi (00 0 1) I^r±Iit56H-S i CSE, 
*i/Mt (ill) ffiSr=feffii-f5^fcr-*/ua£S*ffl(/^ 

[0 15 5] 12^1 
4-f , 0 2 2 (a) <t 5 tC, (1-102) ffi, BP 

r®^±Sit^f7r^rSK9 l ±tc x mov 

PEfe*r/HV^X\ S^5-50nin, X tf 2 0 rw<DGaN 
^y7ri92, S*0._ 5^5. 0 ^m. #J£fc£ 3. 

0 /im^nSAlo.oaGao.saN 193, i?£ 10 — 100 
run, 0»;fcfi 5 Onrat^lrio. iGao. 9 N ffittl9 4, V 

$0. 1—1. O^m , «X.tt0- 5MmC0pSAl 
o. o^Gao. 93 N ® 9 5 ^ItH^fc^^^rvz-y/^S^-ttSo 

[0 15 6] g^tyxs/fy^ftiao 
TnSAlo.oaGao.^aN S9 3 <0— 

pSAlo.osGao.s^I 19 5<B*ffifCp«*«£ Lt^S 
fc*^NiJ&>&ftS^aW««9 6*8»ttSi <kfcfc % n 
SaAlo.osGao.oaN 19 3 ^SMif^nfflSffi i LTTi 
Sa9 7t»fJ5 8 ft*>\ rc0«-g\ GaN^<^^r®9 
2 d» p fiAl 0 . os Ga 0 . 95 N19 5 <D c WO^fSj 

ft f77^7£S9 1 (DmmW!ft<Dj3fa\£ft^Xtiii& 

[0 15 7] -rcoj: 5f-Utr^$tL7h|g^^V^— K 
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8 4ft 02 2(b) {Ctt.-TX 3 f-. *<0)t<&&fcti*|6!*: 
c«i*f^i»5lsSii:tc*s J: pfcWStt^— h£ffiv> 

TiS«9 7 £^-^88^8 6 ^^Y-tsO-t^ 
[0 15 8] ro^fcfc, ^lW^fsIi: 5 tw, ^tcoSJc 

iSltap^-Sr. £ft<, fg^V*— KiflMHPtf) 

[0 15 9] Sfc, :col2W^fi, ®3g#S!-?*> 
5<z>T\ ±f£co|£i#Jf;:)fc^T3g#®«£;*:t <^^r 
10»4: it -<"C l 0fflfSfl^**3*«as»f* 
20 Tf#S 0 ft*>\ IB2«tJfC*3^-Ctt. Sffi^LT, rS£ 

i-f-5f-^r-YTS«ic(86)n5fc<©-Ctt*< , (l - 
10 0) ®^±Iit5S i CSfi, ifc^ft (11- 
2 0) ffi«r±ffiit5S i Clfi«rIv^t)A^t)<^C 

[0 16 0] Sfc, I2^»^ft piSgirlt 

30 b fcL"Cfcav\ 
g?3fflj 

■ZfclC H2-3«r#B8L-C**^»3^J*KW^5o 

[0161] 023ft ±e<&»lflL *2«<0«*y 
-T^*— K«rfflv^SfcflcBi46«^ffl<o*^<-*/u9 p *« 
•T^^-CfeSo «*tf, *l«<o«jt^*- Ktfflw^ 

Y*-K9 8i, d^^fe^V^- K9 8<o*l*4:+*f 
irLtiSf&l*f&I^9 0 o SeS^-CEKUfcYATRl^iB 
3t"f K9 9 i*»*-frto*-C«i«Lfcfc 

9 0COSIC^L-CWt*&!3, ^o, X^irY^fi 

[0 16 2] -^M^t-K9 8^ 

IffitU (tfl^lg^^V^— K9 9*fiBffli: Pf 

2 0° ajK<^«SHOfi*ft<03t***^Jffl+Sr ids 
50 -C£So 
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[0 16 3] Z(7>m Z&mStTF&m-i; ISjfe*^-Cfe5 
S^fT-cO^^-sragf-^So #l;tfi, 100 

-f >^cos^^^ 9 o zmrft-tzm-Sizn. #j 2 o o 

K9 9i roffiSf*. 0 2 3 5 1 (BfefcZKE 

<t K «k o T * 7— t> ^Tt6fc 
[0 16 4] >W3 % ±K«3MO»Ba»»c*itt5E;Srffitt 

W\ Sft^i LTlnffl^JtiSO. 1031no.iGao.»N£:/B 
i^-C<^*tf, jfitKi-*-*ft«KitC-caUI*fc*rAU In „ 
Gai-x-y N (O^xSl, OSy S 1 ) CDSEfflft-Cigx. 

Alo. o»Gao. 95 N MS.t5nSAlo.osGao.9sN /ISr&ttSJ: 
9 SMPJ*HI<©*:# /£AI. ln„ Ga t — * N ( 0 £a S 1 , 
0 Sb SI) -C*fig-f-*Lfiai'\ 

[0 16 5] £ GaN g«<Z3ft:to9 {Cf-^r^TS 

5»&fcrau S«W3feE* (1 1-2 0) ffi 
<bi"S 0 «±iE'<*:<t3fc, #3ll£?g«g»::«fc;tUi, GaN 

m\L^®*m&m<n ^^yf^m^^^m^m^x^. 
<fc 5 i(#f«Hk**»lt c i a*-?* 5 0 

[0 16 6] 

3 (W*tt*»jfc*6ri Stt^co-ffi^T-ftr- 

[oi6 7] *<©J:5fc1fHft»cJ:*itf, 4fc*4fr* 
J: ***<©«*iB*«-««ilc**-cr* *«ot?» 

», *. £&lc, E*3e*8Hfri'— 9*© 
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i — ir t m— IStgJtiBTtBit 5 r. <h * 

[0 16 8] 353t^:*— K^/S^S^A^iS 

U 10<©363t#V=i— KlCfcoTiB*©— ttXf*£8B 
10 i 5 tiifcfc. »SH-S***V*- 

Ld»t>, i 3 fc*jjM£BttSr«#9!<5 < 45. 
[BE«9M#4Kn] 

[01] Bib) ft, &&WZ>m 1 HJ6JK!£.<£>^ 75- K 
Mi«ttS<50^*iSia, 01(b) »*, HI l(a) <oj|«fit 
\c£^X&btiZ>i£'im<offiW.*Wr^*;i'-'<^ khhs 

20 0Kc) *&w<D&immtemx-mm-r ss« 

[0 2] 0 2(a) fi, *3g9ico|g 1 HiSJI5«ico^«it?r 

&m Lfc^awn — i ©«*3ta/7f)i*>6J!.fc* 

*it0, 0 2(b) tt, 0 2(a) OT®«5t(Cior#'b^ 
5S141©fff»i^^-^> K«iSH, 0 2 (c) 

[0 3] 0 3ttu 1 HJ6^flSo®#it*^ffl 

L it * !PO S4E «r SSJSStW 6 « 
30 «iS0X*fc5o 
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